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In  this  work,  the  catalytic  decomposition  of  the  minor  hydrocarbons  present  in  natural  gas,  such  as 
ethane  and  propane,  over  a  commercial  carbon  black  (BP2000)  is  studied.  The  influence  of  the  reaction 
temperature  on  the  product  gas  distribution  was  investigated.  Increasing  reaction  temperatures  were 
found  to  increase  both  hydrocarbon  conversion  and  hydrogen  selectivity.  Carbon  produced  by  ethane  and 
propane  was  predominantly  deposited  as  long  filaments  formed  by  spherical  aggregates  with  diameters 
on  the  order  of  nanometres.  Furthermore,  the  influence  of  ethane  and  propane  on  methane  decomposition 
over  BP2000  was  also  investigated,  showing  enrichment  in  hydrogen  concentration  with  the  addition  of 
small  amounts  of  these  hydrocarbons  in  the  feed.  Additionally,  the  positive  catalytic  effect  of  H2S  on 
methane  decomposition  over  BP2000  is  addressed. 

©  2008  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

Catalytic  decomposition  of  natural  gas  (CDNG),  with  carbon  cap¬ 
tured  as  a  product  of  added  value,  is  an  interesting  alternative  to 
steam  reforming  for  hydrogen  production  [1-5].  In  previous  works, 
it  has  been  established  that  carbonaceous  catalysts  are  suitable  for 
the  catalytic  decomposition  of  methane  (CDM)  [6-25].  Particularly, 
active  carbons  show  high  initial  reaction  rate,  but  are  rapidly  deac¬ 
tivated.  However,  carbon  blacks,  displayed  lower  reaction  rates, 
providing  a  sustainable  behaviour  in  CDM  during  several  hours 
on  stream,  predominantly  due  to  the  high  textural  development 
[16,17,24].  The  activation  energy  of  the  BP2000  carbon  black  in 
methane  decomposition  was  found  to  be  236  kj  mol-1 ,  significantly 
lower  than  the  methane  C-H  bond  energy  of 440  kj  mol-1 ,  pointing 
out  the  catalytic  effect  of  such  carbonaceous  material  [16]. 

Methane,  as  the  major  component  of  natural  gas,  has  been 
the  hydrocarbon  feedstock  most  commonly  studied  for  catalytic 
decomposition  over  carbonaceous  materials.  However,  for  future 
process  scale-up,  natural  gas  should  be  the  preferred  feed,  given 
its  availability.  Natural  gas  is  defined  as  a  mixture  of  hydrocarbons, 
with  methane  as  the  major  component.  Depending  on  the  origin 
of  the  natural  gas,  it  can  also  be  composed  of  other  minor  hydro¬ 
carbons,  such  as  ethane,  propane  and  ethylene,  as  well  as  nitrogen, 
C02  and  H2S.  Accordingly,  in  order  to  gain  knowledge  about  the 
CDNG,  the  role  of  the  minor  components  of  the  natural  gas  must  be 
elucidated. 


*  Corresponding  author.  Tel.:  +34  976733977;  fax:  +34  976733318. 
E-mail  address:  isuelves@icb.csic.es  (I.  Suelves). 

0378-7753 /$  -  see  front  matter  ©  2008  Elsevier  B.V.  All  rights  reserved. 
doi:10.1016/j.jpowsour.2008.12.074 


Increasing  attention  has  been  devoted  to  the  study  of  the 
production  of  hydrogen  and  added  value  carbon  by  means  of 
the  decomposition  of  light  alkanes  and  alkenes  using  metal  cat¬ 
alysts  [26-33].  For  example,  ethane  decomposition  for  carbon 
nanofiber  and  rich  H2  stream  co-production  has  been  accom¬ 
plished  over  metal  catalysts,  obtaining  100%  conversion  with 
temperatures  lower  than  600  °C  [31].  The  use  of  carbonaceous 
catalysts  for  the  decomposition  of  non-methane  hydrocarbons, 
to  the  best  of  our  knowledge,  has  only  been  carried  out  by 
Muradov  et  al.  In  these  studies,  the  decomposition  of  propane  and 
methane-propane  mixtures  was  examined  [5,34],  showing  that 
the  addition  of  hydrocarbons  higher  than  methane  increased  the 
hydrogen  concentration  without  catalyst  deactivation.  Addition¬ 
ally,  for  carbonaceous  catalysts,  higher  temperatures  are  needed  to 
reach  complete  conversion  (around  800  °C).  According  to  the  same 
author,  one  of  the  major  advantages  of  the  use  a  feed  composed 
of  higher  hydrocarbons,  such  as  propane,  ethylene,  acetylene  and 
benzene,  is  that  carbon  deposits  seem  to  be  more  active  toward 
methane  decomposition  than  the  carbon  produced  by  the  methane 
decomposition  itself  [5]. 

The  general  equation  for  alkane  decomposition  is 

CnH2n  +  2^nC  +  (n  +  l)H2  (1) 

In  the  case  of  ethane  and  propane,  thermal  decomposition  leads  to 
carbon  and  hydrogen  production,  but  some  methane  is  also  formed 
by  hydrogenation  of  the  produced  carbon  [30],  according  to  the 
following  reactions: 

C2H6  -*  2C  +  3H2  ->  C  +  CH4  +  H2  (2) 

C3H8  -*  3C  +  4H2  ->  2C  +  CH4  +  2H2  (3) 


Table  1 

Composition  of  the  ashes  of  BP2000  sample. 
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A1203 

0.59 

CaO 

40.85 

Fe203 

0.13 

I<20 

1.1 

MgO 

0.13 

Na20 

0.51 

Si02 

0.41 

Cr203 

0.18 

Ni203 

0.12 

S03 

56 

Regarding  the  effect  of  the  presence  of  H2S  in  the  feed,  it  is  well- 
known  that  sulphur  compounds  provoke  rapid  deactivation  of 
metal  catalysts  [30].  According  to  the  literature  [20],  one  of  the  main 
advantages  of  using  carbonaceous  materials  in  the  CDNG,  is  that  the 
carbon  materials  are  capable  of  withstanding  sulphur  compounds 
in  the  feed  without  suffering  from  deactivation. 

In  an  effort  to  expand  our  previous  work  on  the  decomposition 
of  methane  over  carbonaceous  catalysts,  we  examined  the  catalytic 
decomposition  of  undiluted  ethane  and  propane  over  a  commercial 
carbon  black,  BP2000,  widely  studied  for  methane  decomposition 
in  previous  works  [14,16,17,24].  Furthermore,  after  the  reaction 
tests  the  catalysts  were  characterized  via  SEM  and  TEM  measure¬ 
ments  in  order  to  determine  the  appearance  of  the  carbon  deposited 
during  the  course  of  the  reaction.  Additionally,  the  catalytic 
decomposition  of  binary  and  ternary  mixtures  of  methane-ethane, 
methane-propane,  and  methane-ethane-propane  was  studied,  in 
order  to  investigate  the  effect  of  the  minor  hydrocarbons  present  in 
natural  gas  on  the  catalytic  decomposition  of  methane  (CDM).  The 
influence  of  the  presence  of  H2S  in  the  feed  was  also  studied. 

2.  Experimental 

2.1  Samples 

A  commercial  carbon  black  BP2000,  supplied  by  Cabot,  was 
used  as  a  catalyst  for  natural  gas  decomposition.  This  carbonaceous 
material,  widely  studied  in  previous  works  [14,16,17,24]  presents  an 
open  macro/meso-porosity,  with  high  surface  area  (1400  m2  g-1) 
and  pore  volume  (3.06  cm3  g-1).  Moreover,  the  proximate  and 
ultimate  analysis  revealed  that  the  BP2000  sample  presented  a 
small  amount  of  sulphur  in  its  composition,  a  high  carbon  content 
(around  97%)  and  an  ash  content  lower  than  1%.  The  ash  analysis 
by  means  of  ICP,  shown  in  Table  1,  reveals  that  the  content  in  the 
ashes  of  metal  active  catalyst  for  CDNG  is  lower  than  0.12%  for  Fe 
and  0.13%  for  Ni,  which  implies  in  fact  that  the  amount  of  Fe  and  Ni 
taking  as  a  reference  the  BP2000  sample  weight  is  12  and  13  ppm, 
respectively  This  assures  no  interference  by  metal-catalyzed  hydro¬ 
carbon  decomposition,  as  was  previously  concluded  regarding  the 
same  material  in  [15]. 

Fig.  1  shows  SEM  images  of  the  BP2000  sample  used  as  cat¬ 
alyst  in  the  present  work.  Fig.  la  shows  BP2000  treated  under 
nitrogen  atmosphere  at  850  °C.  The  carbon  black  particles  form 
spherical  aggregates  ranging  from  0.5  to  1  mm.  Magnification  of 
Fig.  la,  Fig.  lb,  shows  that  the  spherical  particles  are  formed  by 
carbon  agglomeration  of  ca.  200  nm. 

2.2.  Experimental  setup 

Flydrocarbon  catalytic  decomposition  experiments  were  run  in 
a  laboratory-scale  fixed-bed  quartz  reactor,  60  cm  height,  18  mm 
i.d.,  heated  by  and  electric  furnace.  In  order  to  stabilize  the  catalyst, 
it  was  pre-treated  under  nitrogen  at  the  reaction  temperature  for 
3  h  before  the  reaction  tests,  and  then  cooled  and  weighted.  All 
experiments  were  conducted  at  atmospheric  pressure. 


Fig.  1.  SEM  images  of  the  fresh  BP2000  samples  used  in  CDNG. 


All  experiments  were  carried  out  using  1.2  g  of  fresh  catalyst.  In 
the  case  of  the  decomposition  of  undiluted  ethane  and  propane,  the 
study  was  performed  by  varying  the  operating  temperature  over 
600-950  °C,  using  a  flow  rate  of  20  ml  min-1,  which  corresponds 
to  a  weight  hour  space  velocity  (WFISV)  of  1  lg^h-1,  defined  as 
the  volume  of  methane  fed  per  hour  per  gram  of  fresh  catalyst. 
The  influence  of  ethane  and  propane  in  the  CDM  was  studied  at 
900  °C  using  a  total  flow  rate  of  50  ml  min-1  of  simulated  natural 
gas  (SGN),  composed  of  methane  (85vol.%),  ethane  (10vol.%)  and 
propane  (5  vol.%).  Binary  mixtures  were  also  used  and  nitrogen  was 
used  to  close  the  balance:  (i)  methane  (85  vol.%),  ethane  (10  vol.%) 
and  nitrogen  (5  vol.%)  and  (ii)  methane  (85  vol.%),  propane  (5  vol.%) 
and  nitrogen  (10%). 

The  influence  of  H2S  in  the  CDM  was  investigated  at  900  °C 
by  means  of  adding  a  methane  stream  containing  1  vol.%  of  H2S. 
The  total  flow  rate  used  was  60  ml  min-1,  with  a  methane  partial 
pressure  of  0.67  atm  (N2  balanced). 

The  analysis  of  the  gas  flowing  from  the  reactor  was  carried  out 
by  sampling  the  gas  stream  with  gas  sampling  bags.  The  first  bag 
was  typically  taken  some  minutes  after  the  gas  was  introduced, 
when  the  nitrogen  initially  present  in  the  reaction  system  was 
flushed  out.  The  gas  samples  were  analysed  by  means  of  gas  chro¬ 
matography.  Flydrogen  and  methane  analysis  were  performed  in 
a  micro  GC  Varian  CP4900,  equipped  with  two  packed  columns 
and  a  TCD  detector.  The  analysis  of  ethane,  propane  and  ethylene 
were  performed  in  a  Varian  3400  equipped  with  an  alumina  packed 
column  and  a  TCD  detector. 

Ethane  conversion  and  selectivity  to  hydrogen  were  calculated 
as  follows,  taking  into  account  the  hydrogen  mass  balance  and  the 
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Fig.  2.  Product  gas  composition  vs.  time  for  the  ethane  decomposition  test  carried 
out  over  BP2000  at  850  °C. 


stoichiometries  of  H2  formation  from  C2H6: 
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Similarly,  propane  conversion  and  selectivity  to  hydrogen  were  cal¬ 
culated  as  follows: 
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Carbon  deposition  in  the  quartz  tube  was  only  observed  for  the 
case  of  the  tests  carried  out  at  higher  temperatures,  that  is,  900  and 
950  °C.  In  these  cases,  the  quantity  of  the  carbon  deposition  in  the 
inner  wall  was  negligible  with  respect  to  the  mass  gained  by  the 
catalyst.  In  the  experiments  carried  out  at  lower  temperatures,  no 
carbon  deposits  on  the  tube  walls  were  observed. 


600  650  700  750  800  850  900 

Temperature  /°C 

Fig.  3.  (a)  Product  gas  composition  vs.  reactor  temperature  for  ethane  decomposi¬ 
tion  over  BP2000.  (b)  Ethane  conversion  and  H2  selectivity  as  a  function  of  reactor 
temperature. 


2.3.  Characterization 

The  morphology  of  the  deposited  carbon  was  studied  in  an 
electron  microscope  (SEM)  (Hitachi  S-3400)  coupled  with  a  Si/Li 
detector  for  energy  dispersive  X-ray  (EDX)  analysis.  TEM  images 
for  determination  of  sample  morphology  were  obtained  using  a 
300  kV  Philips  CM-30.  For  these  measurements,  the  samples  were 
suspended  in  ethanol  or  n- hexane  with  ultrasonic  dispersion  for 
3  min.  Then  a  drop  of  this  suspension  was  deposited  on  a  carbon 
grid  and  observed  after  drying. 

3.  Results  and  discussion 

3.1  Ethane  catalytic  decomposition 

Fig.  2  shows  the  evolution  of  the  gas  product  distribution  along 
with  reaction  time  for  a  typical  decomposition  run  carried  out 
at  850  °C  using  ethane  as  feedstock  and  BP2000  as  catalysts.  The 
WHSV  was  fixed  at  1 1  g^  h-1 .  The  product  distribution  shows  that 
the  outlet  gases  are  composed  of  a  mixture  of  hydrogen  (55%), 
methane  (32%)  and  ethylene  ( 11%).  A  small  amount  of  ethane  (lower 
than  2%)  was  also  detected  in  the  outlet  gases,  implying  that  ethane 
conversion  is  almost  complete  at  this  temperature.  The  concentra¬ 


tion  of  the  gases  did  not  decay  with  time,  suggesting  that  catalytic 
activity  remains  constant  during  the  entire  run. 

Fig.  3a  shows  the  variation  of  the  gas  distribution  products  with 
an  increase  in  operating  temperature.  It  can  be  observed  that  the 
ethane  concentration  curve  drops  to  a  value  lower  than  5%  at  a 
temperature  higher  than  800  °C.  The  ethylene  concentration  curve 
shows  a  maximum  at  700  °C.  Hydrogen  and  methane  concentra¬ 
tion  curves  increase  with  the  increase  in  the  reaction  temperature. 
At  temperatures  higher  than  800  °C,  the  hydrogen  concentration 
increases  and  ethylene  concentration  decreases.  Meanwhile,  the 
methane  curves  do  not  change  significantly  with  the  increase  in 
operating  temperature. 

Fig.  3b  shows  the  ethane  conversion  and  the  selectivity  for  H2 
production  for  the  ethane  decomposition  runs  carried  out  at  var¬ 
ious  operating  temperatures.  Both  parameters  increase  with  the 
reaction  temperature.  At  a  temperature  higher  than  800  °C,  ethane 
conversion  reaches  values  higher  than  90%.  H2  selectivity  reaches 
maximum  values  of  47%  at  900  °C,  the  highest  temperature  tested. 

3.2.  Propane  catalytic  decomposition 

The  study  of  propane  decomposition  over  BP2000  was  per¬ 
formed  analogously  to  that  of  ethane.  The  results  are  shown  in 
Fig.  4  for  the  evolution  of  the  product  gas  distribution  along  with 
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Fig.  4.  Product  gas  composition  vs.  time  for  the  propane  decomposition  test  carried 
out  over  BP2000  at  850  °C. 


the  reaction  time  for  the  run  carried  out  at  850  °C,  using  propane 
as  feedstock  and  BP2000  as  catalysts.  The  outlet  gases  are  com¬ 
posed  of  mainly  hydrogen  (39%),  methane  (45%)  and  ethylene  (ca. 
15%).  Traces  of  ethane  (lower  than  1%)  were  also  detected.  It  is 
worth  mentioning  that  at  800  °C  no  propane  was  detected  in  the 
outlet  gases,  indicating  that  complete  conversion  of  propane  was 
achieved.  Again,  the  concentration  of  the  species  detected  remained 
constant  throughout  the  run. 

The  changes  in  the  concentration  of  the  different  species 
detected  in  the  outlet  gases  as  the  reaction  temperature  is  increased 
are  shown  in  Fig.  5a.  Propane  concentration  drops  to  values  lower 
than  2%  at  700  °C.  Ethylene  again  shows  a  maximum  at  700  °C, 
as  observed  in  the  case  of  ethane  decomposition.  This  can  be 
attributed  to  the  fact  that  ethylene  is  an  intermediate  of  the  reac¬ 
tion.  A  small  amount  of  ethane  was  also  detected.  Hydrogen  and 
methane  concentration  both  increase,  first  with  the  reaction  tem¬ 
perature,  but  from  800  °C  and  onwards,  the  concentration  curves  for 
these  gases  diverge.  This  fact  can  be  explained  by  the  catalytic  effect 
of  the  BP2000,  which  converts  the  produced  methane  into  hydro¬ 
gen  and  carbon  products,  increasing  the  hydrogen  concentration  in 
the  outlet  gases. 

The  changes  in  the  conversion  of  propane  and  the  selectivity 
to  H2  with  the  increase  in  temperature,  shown  in  Fig.  5b,  revealed 
that  propane  conversion  reached  100%  at  temperatures  higher  than 
800  °C.  The  selectivity  to  hydrogen  increases  with  the  reaction  tem¬ 
perature,  and  reaches  a  value  of  40%  at  950  °C.  The  production  of 
a  relatively  steady  flow  of  hydrogen-rich  gas  was  also  reported  by 
Muradov  [34]  using  carbonaceous  samples  in  propane  decomposi¬ 
tion.  The  author  explained  this  fact  by  the  catalytic  action  of  the 
carbon  particulates,  produced  during  thermal  decomposition  of 
hydrocarbons  at  elevated  temperatures. 

3.3.  Characterization  of  the  carbon  product 

The  BP2000  samples  after  ethane  decomposition  were  observed 
with  SEM.  Fig.  6  shows  typical  forms  of  carbon  deposited  from 
ethane  during  a  two  hour  test,  carried  out  at  850  °C  over  the  BP2000. 
The  carbon  appears  in  the  form  of  nanofilaments  that  cover  the 
original  surface  of  the  BP2000.  This  form  is  comparable  to  those 
reported  for  hydrocarbon  decomposition  when  metal  catalysts  are 
used.  In  that  case,  the  carbon  nanofiber  growth  has  been  very  well 
observed,  occurring  in  the  presence  of  metal  particles  that  promote 
methane  decomposition,  allowing  carbon  to  diffuse  and  precipi¬ 
tate  on  the  opposite  side  of  the  particle.  However,  the  presence 
of  such  structures  in  hydrocarbon  decomposition  using  carbona- 


Fig.  5.  (a)  Product  gas  composition  vs.  reactor  temperature  for  propane  decomposi¬ 
tion  over  BP2000.  (b)  Propane  conversion  and  H2  selectivity  as  a  function  of  reactor 
temperature. 


ceous  materials  has  not  be  reported  as  frequently.  For  example,  the 
formation  of  multi-walled  carbon  nanotubes  by  means  of  chemical 
vapour  deposition  of  ethylene  over  a  carbon  black  has  been  reported 
[35].  Other  authors  [36]  have  observed  the  presence  of  filament-like 
structures  in  the  carbonaceous  samples  used  in  methane  decom¬ 
position  via  microwave  heating.  The  growth  of  such  filaments  has 
been  attributed  to  the  presence  of  metal  traces  in  the  composition 
of  the  carbonaceous  samples  used  [37].  However,  in  the  case  of  the 
present  study,  the  carbon  deposition  in  form  of  nanofilaments  can¬ 
not  be  attributed  to  the  presence  of  metal  active  particles,  given 
the  low  concentration  of  such  metals  (few  ppm  of  Fe  and  Ni  with 
respect  the  total  carbon  black  mass),  as  the  ICP  analysis  of  the  ashes 
revealed  (Table  1 ). 

In  order  to  elucidate  the  morphology  of  the  filamentous  struc¬ 
tures  observed  for  the  deposited  carbon  from  ethane  over  the 
BP2000,  the  samples  were  observed  with  TEM,  as  shown  in  Fig.  7. 
The  images  show  that  filaments  are  formed  by  spherical  aggregates 
of  20-50  nm  diameters,  showing  a  preferential  growth  direction. 
These  spherical  particles  may  be  correlated  to  the  crystallites  from 
ethane  decomposition.  As  a  consequence,  it  is  clear  that  these  struc¬ 
tures  differ  considerably  from  the  carbon  nanofibers  produced  in 
the  presence  of  active  metal  particles.  Additionally,  high  resolution 
TEM  micrographs  show  that  the  graphene  dispositions  on  the  inner 
parts  of  these  filaments  are  completely  disordered. 


J.L.  Pinilla  et  al.  /  Journal  of  Power  Sources  192  (2009)  100-106 


Fig.  7.  TEM  micrographs  of  used  catalyst  BP2000  tested  in  the  ethane  decomposition  tests  at  850  °C. 
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Fig.  8.  SEM  micrographs  of  used  catalyst  BP2000  tested  in  the  propane  decomposi¬ 
tion  tests  at  850  °C. 


Fig.  9.  Effect  of  ethane  and  propane  on  hydrogen  yield  from  methane  decomposition 
over  BP2000  at  900  °C. 


mixtures  of  ethane  and  methane  are  fed  to  the  reactor,  a  H2  con¬ 
centration  of  35%  was  achieved.  The  best  results  were  accomplished 
when  the  feed  gas  consists  of  SNG,  given  that  the  hydrogen  concen¬ 
tration  reached  a  value  of  40%. 

Thus,  it  can  be  concluded  that  the  presence  of  ethane  and/or 
propane  in  the  CDM  using  the  BP2000  catalyst  has  a  promot¬ 
ing  effect,  given  that  hydrogen  concentration  in  the  outlet  gases 
increased,  mainly  due  to  the  higher  H2  content  in  those  hydrocar¬ 
bons.  Additionally,  it  is  important  to  note  that  BP2000  promotes 
a  relative  steady  state  hydrogen  concentration  for  all  hydrocarbon 
mixtures  studied,  implying  that  the  carbon  deposited  from  ethane 
and  propane  decomposition  do  not  provoke  catalyst  deactivation. 


Samples  obtained  after  propane  decomposition  at  850  °C  for 
2  h  also  present  filamentous  structures  covering  the  BP2000  sur¬ 
face  (Fig.  8).  However,  in  this  case  the  filaments  are  thicker 
(100-200  nm),  which  allow  the  resolution  of  these  structures  by 
means  of  SEM.  Again,  the  filaments  appear  to  be  composed  of  spher¬ 
ical  aggregates  that  are  joined  together  to  form  long  filaments. 

3.4.  Simulated  natural  gas  decomposition 


3.5.  Effect  of  the  H2S  in  the  CDM 

Fig.  10  shows  the  effect  of  H2S  in  a  methane  decomposition 
test  carried  out  at  900  °C  over  the  BP2000  catalyst.  In  a  first  stage, 
methane  decomposition  was  carried  out  until  the  hydrogen  con¬ 
centration  reached  approximately  36%  and  the  rate  of  decline  in  H2 
production  had  slowed  to  less  than  5%  h- 1 .  Then,  a  methane  stream 
with  1%  H2S  was  introduced  to  the  reactor,  showing  an  increase  in 
the  hydrogen  concentration,  from  36  to  45%.  Theoretical  calcula- 


The  presence  of  ethane  and  propane  on  the  catalytic  decompo¬ 
sition  of  methane  was  investigated  at  900  °C.  The  composition  of 
the  components  of  the  simulated  natural  gas  (SNG)  was  fixed  at 
85%  methane,  10%  ethane  and  5%  propane.  Tests  were  performed 
using  binary  mixtures  of  methane-ethane  and  methane-propane 
(N2  balanced)  and  ternary  mixtures  of  methane-ethane-propane 
(SNG).  A  stream  composed  only  of  methane  (85%,  N2  balanced)  was 
also  studied  in  order  to  compare  the  effect  of  the  presence  of  ethane 
and  propane. 

Fig.  9  shows  the  changes  in  the  hydrogen  concentration  in  the 
test  carried  out  at  900  °C  using  different  hydrocarbon  mixtures.  It  is 
worth  noting  that  in  all  cases,  the  only  reaction  products  detected 
were  hydrogen  and  methane.  From  this  observation  it  is  clear  that 
ethane  and  propane  are  completely  decomposed  at  900  °C  when 
they  are  fed  with  methane  in  the  typical  natural  gas  concentrations. 

The  hydrogen  concentration  curves  fell  slightly  after  30  min 
at  which  point  a  quasi-steady  state  was  reached.  When  the 
feed  stream  was  only  methane,  BP2000  catalyst  provides  a 
constant  H2  concentration  around  25%.  The  decomposition  of 
methane-propane  mixtures  slightly  increases  the  hydrogen  con¬ 
centration  at  the  quasi-steady  state,  reaching  32%.  When  binary 


Fig.  10.  Effect  of  H2S  on  hydrogen  yield  from  methane  decomposition  over  BP2000 
at  900°C  [H2S] :  1%. 
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tion  revealed  that,  even  supposing  that  the  H2S  fed  was  completely 
decomposed  into  its  elements,  H2  and  S,  the  increase  in  H2  concen¬ 
tration  would  only  be  about  1%.  Thus,  it  is  clear  that  the  presence  of 
H2S  has  a  catalytic  effect  on  the  methane  decomposition  rate.  This 
effect  has  been  previously  reported  by  Muradov  [38]  who  explained 
this  effect  by  the  formation  of  HS*  radicals,  which  are  capable  of 
attacking  methane  molecules,  resulting  in  the  formation  of  hydro¬ 
gen  and  carbon  as  a  final  state.  Additionally,  this  effect  is  reversible, 
provided  that  after  the  removal  of  H2S  from  the  gas  feed,  H2  con¬ 
centration  reaches  the  quasi-steady  state  value  measured  prior  to 
the  H2S  addition. 

This  behaviour  of  carbonaceous  catalyst  in  the  presence  of  H2S 
could  be  advantageously  used  given  that  metal  catalysts  suffer  from 
severe  deactivation  in  the  presence  of  sulphur  compounds  [39]. 
Thus,  in  the  case  of  carbonaceous  catalysts,  an  exhaustive  desul¬ 
phurization  of  the  natural  gas  fed  to  the  CDNG  reactor  would  not 
be  needed. 

4.  Conclusions 

The  decomposition  of  undiluted  ethane  and  propane,  at  tem¬ 
perature  higher  than  850  °C  using  a  commercial  carbon  black 
as  catalyst,  BP2000,  produced  an  enriched  hydrogen  stream  of 
at  least  40  vol.%.  Hydrocarbon  conversion  and  hydrogen  selectiv¬ 
ity  increased  with  increasing  operating  temperature.  Carbon  was 
deposited  as  filaments  formed  by  spherical  aggregates  with  diam¬ 
eters  on  the  order  of  nanometres. 

The  presence  of  ethane  and  propane  in  the  methane  decompo¬ 
sition  increased  the  hydrogen  concentration  in  the  outlet  gases.  It 
was  concluded  that  the  BP2000  catalyst  is  capable  of  decomposing 
simulated  natural  gas  without  suffering  from  deactivation.  Addi¬ 
tionally,  the  presence  of  H2S  in  the  stream  has  a  positive  catalytic 
effect  on  methane  decomposition  over  BP2000,  which  is  reversible 
when  H2S  is  eliminated  from  the  stream. 
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